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s in mid-rapidity in p+p collisions is found following the similar tendency as that in Au+Au collisions at √ sNN = 200 GeV from RHIC, which heralds the similar underlying initial production mechanisms despite the differences in the initial colliding systems.
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I. INTRODUCTION
Searching for a novel form of nuclear matter with deconfined quarks and gluons created in ultra-relativistic heavy-ion collisions is the main goal of high energy nuclear physics. This strongly coupled matter, so called Quark-Gluon Plasma (sQGP) [1] [2] [3] emerges its properties by experimentally comparing with elementary particle collisions. Measurements of particle production in proton-proton (p+p) collisions are critical to provide a baseline for understanding the interactions in the QGP created in heavy-ion collisions. Since past a decade, there have been many existing measurements on the multiplicity dependence or centrality dependence of particle productions in heavy-ion collisions [4] [5] [6] [7] . In particular, the production mechanism of hadrons contain strangeness is believed as a signature for QGP formation in heavy-ion collisions [8] [9] [10] . To support this, it is worthy of studying the multiplicity dependence of strangeness production in elementary particle collisions without any medium effect. Recently, the strangeness enhancement in highmultiplicity p+p collisions was observed by ALICE experiment [11] , which is similar to those observed in the heavy-ion collisions [12] , where a hot-dense medium is created. This is in contrast to our knowledge that the elementary particle collisions create cold and tiny system, thus drawing a lot of interest. However, the p+p colliding system is always treated as fundamental particle collisions and the particle production with respect to multiplicity is barely studied, especially at a colliding energy of a few hundred GeV at Relativistic Heavy Ion Collider (RHIC). Thus, it is also of interest to investigate the multiplicity dependence of particle production in p+p collisions at RHIC energy to see if there is any similarity as in Au+Au collisions can be found.
In this paper, we report the multiplicity dependence of particle productions for π ± , K ± , p and p in p+p collisions at √ s = 200 GeV based on PYTHIA simulation. We study the multiplicity dependence of particle yields as a function of transverse momentum (p T ) for π ± , K ± , p, p and φ and ratio of
There are three important sources of the p T distribution splitting with multiplicity including jet fragmentation, parton multiple interactions and gluon contributions. Since the jet fragmentation effect has been discussed in Ref. [13] , we focus on the effect of parton multiple interactions and gluon contributions. The particle ratios of The paper is organized as follows: Section II presents the simulation process and detailed PYTHIA settings. Simulation results on charged particle and φ meson p T spectra, average p T , particle yield ratios and related discussions are presented in Section III. In the end, Section IV gives the summary.
II. SIMULATION PROCESSES
The PYTHIA program is widely used for event generation in high-energy physics, to simulate multiparticle production in collisions between elementary particles [14] . In this work, the PYTHIA version used is 6.416. The p+p collision events at √ s = 200 GeV are generated and categorized in 6 multiplicity bins as shown in Fig. 1 to study the multiplicity dependence of π ± , K ± , p, p and φ productions. The initial configurations in PYTHIA are as follows: MSTP(33, 1): a common K factor is used, as stored in PARP(31).
PARP(31, 1.5): (D = 1.5) common K factor multiplying the differential cross section for hard parton-parton processes.
III. RESULTS AND DISCUSSIONS
A. Ratio of particle production yields The p+p collision events generated from PYTHIA produce charged particle (π ± , K ± , p, p, e ± and µ ± ) within |η| < 0.5 at 200 GeV. The number of them is called charge multiplicity, N ch . The multiplicity distributions are shown in Fig. 1 . Six multiplicity bins are chosen according to the equal number of events in each multiplicity bin. The events without any multiplicity selection is called minibias events. The ratio of the particle production yield in each multiplicity bin over that in minbias events and normalized by N ch (the mean of N ch ) are used to study the event activities with respect to different multiplicities, which can be defined as: The multiplicity dependences of transverse momentum spectra for the π − meson with and without parton multiple interactions and gluon contributions in p+p collisions at 200 GeV within |y| < 1.0 are shown in Fig. 2 . The N ch in different multiplicity bins for different configurations are shown in Table I . We observed a clear hardening of the p T spectra for the π − meson from low to high mul- tiplicity, which is consistent with the results in Ref. [15] although in different collision energies. Meanwhile the p T spectra of kaon, proton and φ meson versus multiplicity are similar as pion despite having the different integrated yields, which are not shown here.
The R pp distributions of π ± , K ± , p, p and φ meson in p+p collisions at √ s = 200 GeV are extracted using the formula (1) The pion R pp distributions as a function of p T with the different initial production mechanisms in the different multiplicity bins are shown in Fig. 3 . We observe the clear R pp splitting with different production mechanisms and the splitting is getting more obvious when p T goes higher. Parton multiple interactions suppress the splitting at higher p T range. The gluon processes contribute small in changing the relative momentum shape with respect to multiplicities. We find similar conclusions for the R pp distributions of kaon, proton and φ meson, which are not shown here.
The integrated R pp distributions for different particle species at p T > 1.3 GeV/c are shown in Fig. 4 . The increase of the integrated R pp could be due to the jet fragmentations as described in Ref. [13] . As we can see parton multiple interaction is the dominant source of the R pp splitting suppression. This may be because of that the particle momenta get softer after multiple scatterings with energy transferring to surrounding partons. Thus the parton multiple interaction is the main competitive source to the jet fragmentations. We also find that the gluon contribution has small impact on the R pp splitting. Furthermore, qualitatively, no obvious particle-antiparticle dependence for R pp splitting is observed. More quantitive study on the production differences of particle-antiparticle and particle species is in Sect. III-C.
B. Average Transverse Momenta pT
In this section, the multiplicity dependence of p T for π − , K − and p in p+p collisions are presented and compared with that in d+Au and Au+Au collisions at √ s NN = 200 GeV from the STAR experiment [4] . Here the charged particle rapidity density (dN ch /dy) is used to take place of N ch in each multiplicity bin for an appleto-apple comparison with data. It is extracted by summing up the rapidity density of pion, kaon, proton and antiproton within |y| < 0.1. Fig. 5 shows the p T distributions of π − , K − and p as a function of dN ch /dy in different initial production mechanisms of p+p collisions at 200 GeV. The p T distributions of pion, kaon and proton spectra in p+p collisions increase significantly with multiplicity, which show the same tendency as that in Au+Au collisions but with slightly larger slope. In p+p collisions, there is only hadronic processes while it is much more complicated in Au+Au collisions, in addition to jet fragmentation and parton multiple interactions, the radial flow, energy-loss mechanisms can modify the particle momentum thus changing the p T distributions. But the similar increasing tendency as a function of charged particle density in both p+p and A+A collisions suggests that the baseline contributions of jet fragmentation and parton multiple interactions hold in different collision systems. 
C. Particle Ratios
In this section, the multiplicity dependence of particle ratios for π − /π
+ and p/π − in p+p collisions are presented and compared with that in Au+Au collisions. The antiparticleto-particle ratios (π the charged particle multiplicity within |y| < 0.1 in different initial production mechanisms of p+p collisions at 200 GeV are shown in Fig. 6 . In order to further understand antiparticle and particle production mechanisms, the ratio of antiparticle-to-particle was studied in different p T regions as a function of dN ch /dy. We observe that the π − /π + ratio is independent of multiplicity, and the K − /K + and p/p ratios slightly depend on multiplicity in total p T regions. However, the dependence of multiplicity in small multiplicity region for π − /π + ratio is obvious and the dependence is stronger for K − /K + and p/p ratios in high p T region (p T > 2 GeV/c). The dependence becomes smaller when we switch off the gluon contributions.
The ratios of anisms, along with a comparison to that in Au+Au collisions [4, 5] at √ s NN = 200 GeV. We also compare them with the STAR published result in minimum bias p+p collisions at the same collision energy. The ratios are consistent with the STAR published result within uncertainties in p+p collisions [4, 5] . The similar tendency of the particle ratios in p+p and Au+Au collisions within |y| < 0.1 indicates the similar production mechanisms hold in different collision systems.
Likewise, we also study the ratios of
+ and p/π − with multiplicity in different p T regions. The results are shown in Fig. 8, 9 . Weak multiplicity dependences are observed for the integrated particle yield ratios in the whole p T region, where the low p T dN/dy dominates. However, in high p T region we see clear difference between particle-to-piplus and antiparticle-topiminus ratios in low multiplicity region. This differ-ence could be due to gluon contribution since it becomes smaller after switching off the gluon contributions. This may suggest that the high p T gluon jets compositions are different in terms of particle-to-piplus and antiparticleto-piminus ratios. comparing with that in central and peripheral Au+Au collisions in the same collision energy, which is obtained by taking the ratio of the Λ yields to K 0 S yields measured at different centrality in Au+Au collisions [6] . The ratio at high multiplicity in p+p collisions is consistent with data in peripheral Au+Au collisions. However, the enhancement of the Λ/K 0 s ratio measured in central Au+Au collisions at RHIC and p+p collisions at LHC can not be reproduced in PYTHIA simulation, where is supposed to be no hot medium created. This is a complementary support to the coalescence hadronization [16] in nuclear medium created in Au+Au collision at RHIC or even p+p collisions in TeV at reference to ALICE nature article.
Futhermore, the distribution of Λ/K 0 S ratio as a function of dN ch /dy is studied and compared with data in Au+Au collisions. The dN ch /dy used for the Au+Au data is extracted from STAR published result by polynomial extrapolation to full the number of participating nucleons (N part ) coverage. [4] . The distributions of Λ/K 0 S ratio as a function of dN ch /dy in p+p and Au+Au collisions are shown in Fig. 11 . The ratio decreases as a function of dN ch /dy in p+p collisions while it keeps constant in Au+Au collisions in the same collision energy. We found that the Λ/K 0 s ratio in large multiplicity events in 200 GeV p+p collisions with PYTHIA simulation is comparable with the most peripheral Au+Au collisions at RHIC. The multiplicity dependence of Λ/K 0 s ratio in p+p collisions shows smooth connection to that in Au+Au collisions at √ s N N = 200 GeV, which may indicate some similar production mechanisms behind from transferring p+p collisions to a more hot and dense system.
IV. SUMMARY
The multiplicity dependence of charged particles of π ± , K ± , p, p and φ meson production yields at |y| < 1.0 in proton-proton collisions at √ s = 200 GeV based on PYTHIA simulation has been presented. The R pp distributions show the obvious splitting as a function of multiplicity for all particle species, which is caused by the jet fragmentation, parton multiple interactions and gluon contributions. The parton multiple interactions suppress the splitting obviously, while the gluon contributions play less important role. The distributions of K + /π + , K − /π − , p/π + and p/π − ratios in different multiplicity in p+p collisions are compared with that in Au+Au collisions within |y| < 0.1, showing the similar trendency. This suggests that is similar underlying initial production mechanisms in p+p and Au+Au collisions. We also present the multiplicity dependence of the Λ/K 0 s ratio at |y| < 0.5 in p+p collisions at √ s = 200 GeV based on PYTHIA simulation. The smooth connection of the Λ/K 0 s ratios from p+p to Au+Au collisions is observed, which may provide a hint that a smaller-sized hot medium may be created in such fundamental particle collisions with sufficient high initial energy density or some similar production mechanisms holds from transferring p+p collisions to a more hot and dense system.
